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nov. Spec. Regni veg. 37:182 (1934). 
(b) var. SUBTOMENTOSA K. Schum. in Bot. Jb. 28:494 
(1900) . 
P. assimilis Sond. var. pubescens Bremek. in Ann. Transv. 
Mus. 13:209 (1929). 
P. assimilis Sond. var. brevituba pubescens Bremek. in Ann. 
Transv. Mus. 13:210 (1929) (nom. invalid). 
P. assimilis Sond. var. pubescens-brevituba Bremek. in Reprium 
nov. Spec. Regni veg. 37:182 (1934). 
P. heidelbergensis Bremek. in Ann. Transv. Mus. 13:210 (1929). 
21. PA VETTA ZEYHERI Sond. in Fl. Cap. 3:21 (1965) . 
P. microlancea K. Schum. in Bot. Jb. 28:80 (1901). 
P. lasiopeplus K. Schum . in Bot. Jb. 33:354 (1904). 
P. microlancea R. Good in J. Bot., Lond. 64 Suppl. 2:26 
(1926). 
P. inconspicuaDinterexBremek. in Ann . Transv. Mus.13 :212 
(1929) nom. nud. 
P. pseudo-zeyheri Bremek. in Ann. Transv. Mus. 13:211 (1929) 
(syn . nov .). 
P. dissimilis Bremek. in Ann . Transv. Mus. 13:211 (1929) (syn. 
nov.). 
P. middelburgensis Bremek. in Ann. Transv. Mus. 13:211 
(1929) (syn. nov.). 
P. zeyheri Sond. var. pubescens Bremek. in Ann . Transv. Mus. 
13:212 (1929) (syn. nov.). 
P. zeyheri Sond. var. sonderi Bremek. in Reprium nov. Spec. 
Regni veg. 37:184 (1934) (syn. nov.). 
P. zeyheri Sond. var. brevituba Bremek. in Ann. Transv. Mus. 
13:212 (1929) (syn. nov.). 
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Beta diversity was measured in fynbos and non-fynbos (forest 
and thicket) vegetation along parallel environmental gradients. 
Beta diversity was estimated using an eigenvector and a 
graphical method and was expressed as half-changes (HC) of 
floristic composition. The two methods gave similar results of 
about five half-changes in fynbos and nine half-changes in 
non-fynbos along parallel 420 m elevational gradients. These 
values indicate very high levels of species turnover. The 
diversity patterns could be explained largely by the 
biogeographic complexity and historical events specific to the 
south-eastern Cape. 
Beta-diversiteit is langs parallelle omgewingsgradiente in 
fynbos en nie-fynbos (woud en struikruigte) bepaal. Die beta-
diversiteit is met behulp van 'n eigenvektor en 'n grafiese 
metode geskat en is as 50%-veranderinge in die floristiese 
samestelling uitgedruk. Die twee metodes het langs 'n 
gradient van 420 m lengte soortgelyke resultate gelewer, 
naamlik, vyf 50%-veranderinge in die fynbos en nege 50%-
veranderinge in die nie-fynbos. Hierdie resultate dui op 'n 
baie hoe tempo van verandering in die floristiese samestelling. 
Die diversiteitspatrone kan grootliks deur middel van die 
biogeografiese kompleksiteit en historiese gebeure wat eie 
aan die suidoostelike Kaapprovinsie is, verklaar word. 
Keywords: Beta diversity, biogeography, fynbos, 
south-eastern Cape 
Beta diversity is between-habitat diversity defined as the 
changes in species composition along environmental gradients 
and is measured in terms of half-changes (HC) (Whittaker 
1960). Beta diversity in Cape Fynbos Shrublands (sensu 
Cowling 1984) is reputedly high (Kruger & Taylor 1979; 
Campbell & VanderMeulen 1980) although there are no 
published data. This paper reports on the beta diversity 
along parallel vegetation gradients or coenoclines (Whit-
taker 1973) in fynbos and non-fynbos vegetation. The 
coenoclines spanned a 420 m elevational gradient in the 
lower Gamtoos Valley, south-eastern Cape. At approxi-
mately 100m intervals along the gradient , four 100m2 plots 
were placed on each aspect along the fynbos coenocline and 
non-fynbos coenocline, thus facilitating beta diversity com-
parisons. The fynbos coenocline included South Coast 
Renosterveld and Grassy Fynbos at the two lower stations 
and South-Eastern Mountain Fynbos for the rest of the 
transect; the non-fynbos coenocline spanned a gradient 
ranging from Kaffarian Succulent Thicket at the two lowest 
stations, through (non-succulent) Kaffarian Thicket at mid-
elevation to Knysna Afromontane Forest at the two upper-
most stations (vegetation concepts according to Cowling 
1984). Both coenoclines were arranged along strong 
gradients of increasing altitude and rainfall which corres-
ponded to weaker gradients of decreasing soil pH and 
exchangeable bases (Cowling & Campbell 1983). All sites 
along the non-fynbos coenocline had deeper, heavier and 
more fertile soils than the corresponding fynbos coenocline 
sites. Details of the vegetation and environment of the 
coenoclines are given in Cowling & Campbell (1983) . 
We used two methods to estimate beta diversity. In the 
first method, beta diversity was calculated from the first 
reciprocal averaging eigenvalue (EV) (Hill 1973) from 
ordinations of each coenocline, by the relationship: 
Beta diversity(HC) = Y12EV/ (1 - EV) / 1,349 
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(Whittaker, Niering & Crisp 1979). The first axis of the 
reciprocal averaging ordinations of each coenocline arranged 
the samples in a sequence which was a faithful represen-
tation of the sites along the elevation gradient (Cowling & 
Campbell 1983). We also estimated beta diversity using 
Whittaker's (1960) graphical method. Percentage similarity 
between each plot of a coenocline and the south aspect plot 
of the uppermost site of the coenocline was computed by 
using the relativized Czekonowski coefficient (Campbell 
1978). Percentage similarity was plotted against sample 
sequence and they-intercept (a) extrapolated. Beta diver-
sity, measured in half-changes, was computed as follows 
(Whittaker 1960): 
Beta diversity(HC) = (loga- logz)/log2 
where z is the percentage similarity between plots at the 
extremes of the coenocline. 
Table 1 shows the beta diversity values for both coeno-
clines computed by using the two methods. Both methods 
gave similar results . Also included in Table 1 are beta 
diversity values recorded from a range of coenoclines else-
where in the world . Values from the study area are the 
highest recorded and represent very high levels of species 
turnover. Our data indicate almost double the half-changes 
in non-fynbos compared with those in fynbos along the 
Gamtoos gradient (Table 1) . Although these data could be 
taken as evidence refuting the reputed higher beta diversity 
in fynbos relative to other southern African vegetation 
types , some further explanation is required. 
The south-eastern Cape is an area of steep environmental 
gradients and forms a convergence zone for four African 
phytochoria (Cowling 1983a). Vegetation types change 
rapidly over very short distances. Under these conditions, a 
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high beta diversity is to be expected. The non-fynbos 
coenocline ranges from Tongaland-Pondoland thicket with 
strong karroid affinities to mesic Afromontane forest, and 
transcends a phytochorological boundary over a distance of 
420 m. In a previous study (Cowling 1983b) an index of 
phytochorological diversity calculated for each stand of 
vegetation emerged as the variable most significantly cor-
related with the species richness (alpha diversity) of the 
stand. Similarly in this study highest beta diversity was 
recorded in the coenocline (non-fynbos coenocline) that 
transcended a phytochorological boundary. The distribution 
of fynbos is determined more by infertile soils than climate 
(Kruger 1979; Cowling & Campbell 1983) and no phyto-
chorological boundary was transcended along the fynbos 
coenocline where soils were all infertile . 
The relativity low beta diversity of the fynbos coenocline 
could also be partly explained by historical factors. Cowling 
(1983a) has suggested that in the south-eastern Cape, 
Mountain Fynbos (sensu Cowling 1984) was greatly re-
stricted in extent during the last glacial age. With the onset 
of wetter conditions after about 12 000 B.P. (Deacon 1983), 
Mountain Fynbos in the south-eastern Cape would have 
expanded from small relic patches. It could be argued that 
the relativity low beta diversity of South-Eastern Mountain 
Fynbos is a result of too little time elapsing since climatic 
amelioration for many species to disperse from the source 
areas to the expanding 'islands'. We predict that much 
higher beta diversity would be recorded in southern and 
south-western Cape Mountain Fynbos where Pleistocene 
climatic changes would have had less effect on the distribu-
tion of fynbos than in the south-eastern Cape (Cowling 
1983a). It appears that explanations of beta diversity patterns 
in fynbos should include both an ecological component (e.g. 
habitat variation) as well as historical events such as 
climatic change. 
Table 1 Estimated beta diversity, measured in half-changes (HC), along coenoclines in the 
study area and elsewhere 
Locality Coenocline 
Study area Fynbos 
Study area Non-fynbos 
Siskiyou Mountains , Temperate 
Oregon forest 
Santa Catalina Temperate 
Mountains, Arizona forest , shrub-
land and 
grassland 
Northern California Temperate 
coast forest and 
shrub land 
Stradbroke Island , 
Queensland 
Subtropical 
dune forest 
Gradient type 
Elevation 
(420m) 
Elevation 
(420m) 
Topographic 
moisture 
(300m) 
Topographic 
moisture 
(300m) 
Limestone 
Diorite 
Granite-gneiss 
Podzolization 
gradient 
Elevation 
(200m) 
Beta diversity 
Eigenvector method Graphical method Reference 
5,48 5,03 This study 
8,95 9,55 This study 
1,59 Whittaker 
(1960) 
Whittaker& 
Niering 
(1965 , 1968) 
0,92 
0,28 
3,14 
2,30 Westman 
(1975a) 
0,60 Westman 
(1975b) 
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